1/27 



CM 

(5 



as* 

■O 4= CM 



5 S I 



11 

o H 



CVJ 
CO CM 



oo I E 

i 



evil 



CD 



eg 

CO 
CL 




ol 



lis 

§ S I 

co Q-^> 

H 

O H 



o 

i 



CM 
CO ^ 



CD 



o & 

— ' 2 
■o o 

0 CO 

Is 

sz o 

1 5 



CM 
CO 



CD 
CO 

> 

Q- 
O 
Q) 



o O 



CM 
CM 



2/27 



FIG. 3 



Count Read Bits Decision to turn off Display-Bit 

210 

o" ooo Read Bits 2,1,0 If all three are not 0, turn on output 

1 ooi Read Bits 2,1 If both 0, turn off output 

2 oio Read Bits 2,0 If both 0, turn off output 

3 on Read Bit 2 If 0, turn off output, bit 2 memory is free 

4 ioo Read Bits 1,0 If both zero, turn off output 

5ioi Read Bit 1 If 0, turn off output, bit 1 memory is free 

6 no Read Bit 0 If 0, turn off output, bit 0 memory is free 

7 111 No reads turn off output 



FIG. 4 



Pixel = 7 
Control 
Pixel = 7 Output 

Pixel = 6 
Control 
Pixel = 6 Output 

Pixel = 5 
Control 
Pixel = 5 Output 

Pixel = 4 
Control 
Pixel = 4 Output 
Pixel = 3 
Control 
Pixel = 3 Output 

Pixel = 2 
Control 
Pixel = 2 Output 

Pixel = 1 
Control 
Pixel = 1 Output 

Pixel = 0 
Control 
Pixel = 0 Output 



JTL 



JTL 



JTL 



JTL 



XT 



JTL 



J~L 
~~L_ 



_n_j-i_ 



JTL 



j-|__n__n__Ji 



J~L 



_n__j-i_ 



j~i_n • • n_n : : rr : tl 



i 1 1 1 1 1 1 r 

0 1 2 3 4 5 6 7 



3/27 




4/27 





5/27 



FIG. 10 



All LS-Bit 
Times 



All MS-Bit Times 

A 



Bit 3 Frees up - 1 
Bit 2 Frees up — 



• Bit 0 Frees up 

• Bit 1 Frees up 



Bit 7 Frees up - 
Bit 6 Frees up - 
Bit 5 Frees up - 
Bit 4 Frees up - 



16 
to 



32 
to 



to 

63 



| Continues | 




6/27 



E-Row Decoders and Drivers 

M ~~ 



O 



1-Row Decoders and Drivers 

-7 



"D 

3 



™ 9 



«9 111 

« 5 



00 



2 2 o 

o o 
PC cc 



7/27 



FIG. 12 



Bit Lines To/From Memory Array 



1204- 



1208- 



1202 



MRAM and ERAM Drivers 
and Sense Amps 



1248 
M-Data 
M-WE 
1244 



MRAM Bit Enable Mask 
Global 



121CX 
LPE_QR j 



1 2 1 2 —s^ Global _PE_LD 



1242 



1218 



ERAM Data Input 
and Output 




> 1217 



1206 



FIG. 13 



Bit Lines To/From Memory Array 
1304 X 13 ° 8 ~^ 



1302 



MRAM and ERAM Drivers 
and Sense Amps 



1366 
M-Data 
M-WE 
1364 

MRAM Bit Enable Mask 
Global 



131CX 

i_pe_or ; 



1312 ^ Global_PE_LD 
Global Out_LD 



1343 



1318 




1306 



ERAM Data Input 
and Output 



> 1317 



1320 



9/27 



FIG. 14 



From 
ERAM(s) 

1430 

Broadcast PE Function 



1400 



To MRAM Bit 
Enable Buffer 




Broadcast Data Bus 



10/27 



FIG. 15 

1502 



Row Sel 



1504 



Read OR'ed A 




Row Sel 



1506 



Read OR'ed B 



Bit 



1522 



-Bit/ 
OR'ed Data 



11/27 




12/27 




FIG. 18 



13/27 





ISIVRAM 


MS (VRAM | 


r~ 

USBVWRgofe 


MSBVWRaads 


I 


1 ' 


|Oaxt# 


3l 


d 


1 


d 


d 


1| 


i 


3ffi 


3 


2 


1 


G 


1 


2 


3 


LSBThtb= 4 


S 1 


|alHyUXri 1 1 


ww pnwfl f™"! I F?™T: f!??!?!T.P???!??.P?????.P'^^B 

;;;:;:;:J t ,< , ; I ', ■, , ,,1 1 ii^^^ ^^^^ ^^^^ ^^^^ ^^^^ I . } 
















|LineTimB= 1 


7 ! 1 




VI 


VI 


k i 


12 ~ 


13 ~ 


2R 




60 H 





















AjustedTimB 


U 


A 




12 


13 




44 


<n* 
















: 




lOfeBt 


c 


G 


u 


c 


0 


c 


c 


cil 


0 


C 


C 


C 


0 


G 


G 


Wrte I Wite 


HSSa 1 rGBa | 




s 


S 


S 


D 
H 


Q 

O 




□ 
n 


R M 

rl ' ■: ■ : ~ 
















Fatten Gtrifict 




i « 
















HI 


c 














: 

o| 
d 


i J 

100000a ! 
100000CI j 


* -1 
f r 

! L 

I 1 
I 


c 














W 


1 














10000000I 
(J 


d | 


1 
















;:v 
















d 


d i 


1 ^ 
1 ^ 
















M 




1 












d 


10000a j 


f A 




C 












■■■ 
















1000000] 


q ! 


1 C 
































q 


d 


1 P 

1! C 
































q 


d I 


I 7 
















II 






c 














i € 
































125°^ 


§ 


1 c 




































I ir 
I 


















t 






2 








o| 


100a 


1 11 
























3 








d 


iooq j 
d 


! -IO 
1 1* 








c 
























100001 




i 13 










c 






















iSd 


d 


I 14 
































i 




I 1C 

I \z 


















1 0 
















— 10000a 


I it 


















1 1 














d 


loooooq 


:| 


1 






























10000000I ~~ 


d 1 


] ifl 
I 


































q i 
d 


I 1C 
































d 
d 


looood 1 


! or 

| <3u 

3 ^* 




1 
















1 












1000000I 


d j 


































q 


d 1 


I! 
































d 


q ( 
























c 












ioood j 


1 ^ 

1 OP 






1 


























100000I 
d 


q ~l 
d 


1 

i 17 
j " 
























2 


3 






q 


liraFfeadOxflid 


j OR 












C 












3 








100I 


100C1 


i OQ 








1 
























100001 


ol | 












1 






















iooo| 


q 


































o| 


q ! 




















1 c 














d 


loooooq I 


1 or: 


















S 1 














d 


100000a ] 


1 Q/j 

i| OH 


2 






























10000000I 


q | 


J OP 
































d 


q 


! OP 


































q 1 


| o/ 




















1 














10000a 


0£ 
































1000000I — 


q ! 


1 OC 


















s 














q 


q 1 


t At 


; 
































q 


1 ^ 






















c 


\ 








d 


ioood [ 


I /f 






2 


























1000001 


q 


f A* 


3 






























d 


id j 


1 A. 

| *r 


4 












( 


1 










2 C 






id 


IICflFfeGdCtTflid] 


\ A 














I 












3 






iod 


1 iooq i 


! ^ 










I 






















10000I 


o| I 


I ^ 


7 
































q 


! ^ 


8 






























o| 


d | 


( ^ 


g 
















m 


G 














1000000I i 




n 


















1 












d 


loooooq 


I 5 


1 


3 




























loooooog 


d 


! 5 


p 


































5 


f 


































! 5 


A 




















1 














\ c 


F 




2 


































































| c 






















































m 






Ci 












\ c 


E 






2 










m 


















c 


£ 














0 














2 








>1 














1 










2 


3 






1iraFfead03rtficl 
















2 












3 










1 ( 


V 








3 














I 











FIG. 19 



14/27 



Srnfe2iSBftQxrt end 34VB« SflitC^ 





LSWRAM 


MS (VRAM 




LS BUM Reads 


MSBttMfeads 










Cart# j 


3 


2 


1 


0 


0 


1 


2 


3| 


& 


3 


2 


1 


0 


1 


2 


3 




JSB7ime= * 






Bnay Court 


11 


10 


01 


00 


oc 


01 


1C 


11 1 




















JneTime= ' 


17 




HrovTV\ti<±t 


G 


4 


8 


12 


13 


2B 


44 


ec 


i 
























ACjUSteQ TUfTB 




4 


g 


12 


13 


28 


44 


ec 


























Offset 


G 


U 


U 


n 
U 


u 




n 
U 


r [ 




VI 


VI 


0 


o 


1 






VWltB 


vm lie 


Ffead 


Read 


Set/Reset Dspi 


S 


S 


S 


R 


S 


R 


R 


R 


1 
















RaUem 


CdrAkt 


Rattan 


Corflict 


TWE(Oocte) 










































J =2 


















i 


c 














C 




100000C 




-1 




















1 














0 




1000000 




r c 


c 
































1000000C 




0 




1 


































c 




C 




2 


































c 




0 




3 






















1 












c 




10000c 




4 




0 






























100000C 




c 




5 


































c 




0 




6 


































c 




c 




7 
























" c 










c 




10000 




8 






c 












:^ 
















100000 




0 




9 


































c 




0 




10 


























2 








c 




100c 




11 


























3 








c 




100c 




12 








C 


























1000C 




0 




13 










0 
























100C 




0 




14 


































c 




0 




15 




















c 














0 




1000000 




16 




















1 














c 




1000000 




17 


1 
































1000000C 




0 




18 


































0 




0 




19 


































c 




c 




2Q 






















1 












c 




10000c 




<. 21 




1 






























1000000 




0 




22 


































c 




0 




23 


































c 




0 




24 
























0 










0 




10000 




29 






1 












■ ^ 
















100000 




d 




26 




























3 






c 




100 




27 


























2 








c 




1000 




28 












C 














3 








iod 




1000 




29 








1 


























10000 




0 




30 










1 
























1000 




0 




31 


















v 
















0 




0 




32 




















0 














0 




1000000 




33 




















1 














0 




1000000 




31 


2 
















: 
















10000000 




0 




36 


































0 




0 




36 


































0 




0 




37 






















1 












0 




10000c 




38 




2 






























1000000 




c 




3G 


































c 




c 




4C 


































c 




c 




41 
























0 










c 




1000c 




45 






2 
























2 




10000C 




1C 




43 




























c 






c 




1a 




44 














C 












2 








1C 




100c 




4£ 












1 














2 








10C 




100c 




4€ 


































1000C 




c 




4/ 


































100C 




c 




4* 


















• 
















c 




c 




4£ 




















( 














c 




10000a 




5C 




















1 














c 




10000a 




51 


C 
































100000a 




( 




5£ 


> 
































( 


] 


( 


2 


s: 


































( 


] 


( 


3 




I 




















1 












( 


: 


1000a 


: 


a 


































10000a 


] 


( 


3 


5( 


































( 


] 


{ 


: 


5" 


































( 


: 


( 


} ! 




3 






















c 










( 


: 


100a 


: 


9 






j 


























I 


1000a 




1( 


: 


9 


: 














( 


: v v: 












3 






1 


1a 


] 


6 


1 














1 




! 














11 


] 


10a 


] 


6 


2 


























3 






1a 


: 


10a 


] 


6 


3 








3 
























100a 


1 




3 



FIG. 20 



15/27 



WthLS«Tire=4aoctearrl13C^^ 




FIG. 21 16/27 

LSNRMA II M5 MW/1 HI LSfflAMRaads WBBWMRaads | 



LSBTutb= 



Uilllllll 



MUM 



lit I Ml 



lllltlll 



llllllli 



UneltiiB= 



13 



12 



13 



28 



44 



AjLEtedTlrne 



12 



14 



29 



61 1 



Wfte 



WKte 



Ftead 



9BtfR39etPspL 



PSttem 



10300000 



10000a 



100000C 



100000C 



c 

10000 



10000C 



1C 



11 



12 



1000C 



1000000C 



100C 



1000000 



100000C 



1000 



16 



100000C 



18 



19 



20 



21 



22 



23 



24 



C 



100000 



1000C 



1000C 



100C 



1O0C 



1000000 



100000C 



1000000C 



27 



1000 



28 



29 



10C 



1000000 



100000 



33 



34 



10000C 



1000 



36 



37 



1000000 



38 



1000C 



39 



1000000C 



40 



1O00 



41 



42 



10c 



100 



100000 



1000000 



c 



10 



10 



47 



100000 



1O0O0 



100C 



49 



100C 



1000C 



52 



_54 
_95 

56 
_57 
_58 
_59 

60 
_61 

62 



1000000C 
1O0C 

c 

10C 

100000C 



10000C 



IOC 

100000 



10000 

c 

100C 
1000 
100000C 



17/27 




18/27 



CO 
CM 

g 

u. 




20/27 



FIG. 25 



| Pixel 
1 Value 


Binary 
Bits 9-6 


P1 


DO 

Yd. 


Mi imhpr 
I MUl i iuci 


1 0 


0000 


0 


U 


O 
C- 




0001 


0 




C— 


r~ _ _2 


0010 


0 




■ — 


| 3[ 


0011 


0 




1 

1 


I "if 


0100 








j 5 


0101 






9 

1 . 


I 6 


0110 






1 


7 


0111 






i 

- pi 


| 8 


| 1000 








j " 9 


1001 






_l 


| 10 


P 1010 






1 


I ' 


r 1011 






Tj 


I 12 


t~ noo 








| 13 


| 1101 






] Tj 


| 14 


] 1110 


l] 1 




] TJ 


| "tE 


; 1111 






0 












jTbtaTZeros 






" Total 


j 24 j 



21/27 




22/27 



FIG. 27 




C u CO 

pom 

.■e o © 
03 m E 
CO ^ P 



<D 'x. ® 

a 

P £ CD 

*i o <D 
CD CD £ 

<5 II 



glvi s 

t ^- CO 
P fiCQ 

.ti o o 
CD 00 £ 

CO ^ P 
^ II ^ 



co E 
_j <N iz 
>< ii H 



■ II 

CO if H 



5> 5> 0) 

E co 

SSI 

CO CVI j§ 

2 II 



E 



CD 
CO 

_ £ CO 

§ CO CD 
If) c 
C7D CNJ ~ 

S !■ 1 — 



> CO 

> »r CO 



T 

CM 
LO 



-g 

CVS 



1 



CO o o 



-O ^ CD 
C <D CD 

> CM £ 
II *~ 



T 

LO 

if 

£ 
o 

I- 

1 



/ 



CD || 

co 9> 
CQ E 

~T j= LO 
CD H CO 

E -h o 

i= CD " 



CD 



CO 



I 

00 



II 

T3 



o 



CM 

CD 
CO 
CO 
-CD 

CD 

E 



y 



T 

00 

ll" 

CO 

o 

1 



4- CD 

CO 
CO 

.J- CO. 



CD 

E 



LO 



24/27 




25/27 




FIG. 31 



26/27 




27/27 



FIG. 32 

32QQ 




o Continues 



